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Over the past 20 years, global warming has transformed the marine ecosystem of the Jeju Island into a sub-
tropical zone making it conducive to the production of tropical fishes. Recently, the balloon fish (Diodon
holoanthus) has been found off the coast of the Jeju Island. In this study, we analyzed the diversity of its
intestinal microorganisms as a representative for the surrounding environment. In addition, the isolates
were evaluated for their antibacterial activity. A total of 161 strains of various species were identified and
isolated using 16S ribosomal RNA gene sequence analysis. They were separated into three groups, of which
Phylum Proteobacteria was found to be the most dominant with 91% sequence similarity. This includes the
class y-proteobacteria that is made up of twelve genera and twenty-four hundred species. The second group
comprised strains of the genus Vibrio, made up of 35% Photobacteria, 32% Shewanella, and 6% Psychro-
bacter. It was also determined that 4% of the isolates were Acinetobacter, 3% were Enterovibrio, while
Moraxella_g2 accounted for 1% of the total isolates. Class a-proteobactera includes five genera and five spe-
cies; Brevundimonas, Allorhizobium, Pseudoceanicola and Erythrobcter, each accounting for 1% of the total
isolates. The Firmicute strains belonged to six genera and ten species. 5% of the strains were Terribacillus,
while Paenibacillus, Salinicoccus, Staphylococcus and Streptococcus accounted for 1% each of the total iso-
lates. Actinobacteria accounted for the final phylum with strains belonging to three genera and ten species
with Janibacter, Micrococcus and Isoptericola each accounting for 1% of the total isolates.
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Table 1. List of strains used of antibacterial experiment.

7HE AL do] E7H 0.85% AYAGSE HH A H 5
sick. kg AIAE AL Ao} 1g8 2eh o] 0.85% B
g A dse] A4 dAE10°-107)F 34 A]A Brain
Heart Infusion agar (BHIA, USA), Marine agar (USA),
R2A agar (R2A, Difco., USA), Tryptic soy agar (TSA,
Difco., USA), MRS agar (MRS, USA)o] Z+Z 100 W& ¢
A ek o 45 Feh25TAdA 37 2 H714
(AnaeroGen TM, Oxioid, Ltd., UK) H{%¥ & CFU/g! ©¢]
2 BT o At 25 B colony® &4 22
ato] -2 wjR] Aol 48A17F F<t A B FAIA 25%(viv)
glycerolo| AEFA|A -80TC A HstSiTt.

) v BEL 3t A 2

Tt B4 FAE Yol AHEE o FAEAR T A -3l
Al -2 1] R EA A E] (Korean Collection for Type Cultures,
KCTC)%} gt u| & H ZA E (Korean Culture Center of
Microorganisms, KCCM) 9| A £ oFahol AL-8-3} ¢ 2 (Table
1), Wild type> 14|19 o & 9 Holg Faf ZH2F &e2st%l
o} 123l 25% glycerolo] @EAIA -80TC oA Estgith
7h AT B A Aot A x| kel A viFE S
i, 7RX oA B3t #5= BHIA, MA, R2A, TSA]|
FTAA 25Tl A 48A17F FF vi sttt v g 45+
1.5 ml tube ¢Fof] Y o] 14240 xgZ YA E|slo] A5 H
I FAE Bt A5HS 045 pum syringe filter
(Whatman, UK)E F8f oA Z I #4= 0.85% A=A F
4 50 pE ol FojWlth. thg o3 | At g5 d +
A= Z+zt 7 E 8 mm paper disc (ADVANTEC, Japan)
of 50, 100 w1 EF311 25T N A 24X 7H5 < AZ A
tt. HYFL MacFarland turbidity 042 2F3 =
Muller Hinton Agar (MHA, USA)o| =2s}e] Z+2-2] ujjoF
2Lof gro] 48X17F ¢ FA | gAY 27 E &F

shic.

Information Strain No. Medium  Temperature (C) Type

Straptococcus iniae KCTC3657 1.5BHIA 25 -
Streptococcus parauberis KCTC3651 1.5BHIA 25 -

Fish pathogen  Edwardsiellatarda KCTC12267 1.5BHIA 25 -
Photobacterium damselae subsp. Damselae - MA 25 Wild type
Listonella anguillarum KCTC2711 MA 25 -
Escherichia coli KCTC1682 TSA 37 -
Micrococcus luteus KCCM11211 NA 26 -

Human pathogen

Streptococcus mutans KCCM40105 BHIA 37 -
Salmonella enterica - BHIA 37 Wild type
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16S rRNA 9714 ¥ B4

E23 #+F = Genomic DNA Extraction Kit (Bioneer,
Korea)Z DNAE F£3}l4th. th2 genomic DNA 1 pul9}t
27F/1492R universal primer ZrZ} 0.5 pM primer2} DNA
polymerase, dNTPs, reaction buffer”} Z3+¥ 20 pl PreMix
(Bioneer)Z A&3to] PCRS 433}ttt

PCR ®H-8 Z AL Intial denaturation (95C, 2&),
Denaturation (95T, 30%), Annealing (55T, 30%),
Extension (72C, 302)2.2 & 30 cycleZ 433t & npx|at
© & t}A] HH Extension (72T, 52) 3ttt 2= = PCR
products= Red safe (Intron, USA)7} A 7}5 1% agarose
(PromegaCo., USA) gelol| A} 7] F53to] gelstgict. o
< AccuprepTM PCR purification Kit (Bioneer)E A}-&3}
o] PCR products®] d-2 primers, nucleotides, polymerase,
saltsE A|A 9 AA ST elution buffer (10 mM Tris-Cl,
pH 8.5) 30 w2 elution 3} th. PCR products® F7]|4 4
9] B4 (F)EHE Korea)ol 9 sto] ATE AT} &
A ¥ 97|14 9L EzTaxone (http:/eztaxon-e.ezbiocloud.net/yS
0] &3} homologyS &¢13}th th2 ClustalX2 multiple
alignmentE 433 F MEGA 6.02 A% = (phylogenetic
tree)E /33Tt
2ot % o
7% A 0 AE 2

THAE Y o2 O S As B A 9
o A colonyS A 43t 4~ Table 29 Zt}h. E7|A v %o
Ae MA 5.7x10* cfu/g!, BHIA 4.7 x 10* cfu/g?, TSA
4.9 x 10° cfu/g? ¥ R2A 0.37 x 10" cfu/glo] 9l MA 8%
ANA =4 ARk wEo] 714 vl = BHIA
6.23 x 10* cfu/g?!, MA 5.9 x 10* cfu/g?!, TSA 2.73 x 10*
cfu/g’!, R2A 0.8 x 10! cfu/g! ¢ 2 BHIAYA &4 A%
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A AFEHAIL, @714l vls] 27144014 o2 £ (Genus)
o] ¥ ikt E= ikt W pHE 25 -9
Ao AYE HobFil, JIS FAsked 8T 94
= ook EEA ok 22y MRS B3 HjA] Aol &
ZY7F FEHA ot 7HAIE Y ¢hellA FAt(actic acid)
= 2HgtE Aol fle A2 wEH

7HX & B v BE St 44 2N

ZHAE Y oA EY] T S B A3, dutge R
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s BRI A 7 AR AN B 5 e M lutens?
o)A T6, T8, B21, B22 ¥ B23°| &+ EAE Uetutth
(Table 3). 71 & T8 22 mmO 2 7} &2 s 42 Y
913l B212 20 mm, B22¢} B232 19 mm, UHX] T6
2 18 mmo 2 TAE AT AFA A= 27 T8o] 100 ul
o) BEoIA WL BGoy 27 BARAE YT (NO
DATA), 1 9 =& A% 432 Y g+ &4 B E
A Skt

AY vAEL Aeromonas sp., Staphylococcus sp., X
Escherichia coli T3t 2 {3l Al«t9| g /o B3 <
& AFE BaEo] grh[23, 24]. E3] AFESHAL Aolgl
= FAE ol &t Ao R WY FUF B AEEC] F7}
B FHAMRATHT, 14]. 7 Bol €A e ALA
ProbioticZ W pH At=E 23 a9 A Y ot
I A A A W A7 S E 1S FIANAE

A T ol Atk 235 Fof o] E3t
Ast=d a3 9 5t "o A& &
AI8l= Buchnera aphidicola®) plasmidE-< <39 ofu|le
Ab A9 S BasEe AR operonsS SR (1AL,

Table 2. Intestinal microbial flora isolated from the Diodon holoanthus.

Medium
Condition
No. BHIA MA R2A TSA MRS
1 3.8x10% 7.6x10% 0.1x 10’ 1.3 x10* ND
Aerobic 2 5.0x10* 5.6x 10* 0.7 x 10’ 8.0x 103 ND
53x10% 3.9x10* 0.3x10' 9.0x10° ND
Average count 47 x10* 5.7 x 10* 0.37 x 10 49x10° ND
1 6.9 x 10* 59x10* 0.8x 10’ 3.0x10* ND
Anaerobic 2 5.6x10% 5.6x 10* 0.1x 10’ 2.5x10* ND
6.2x10% 6.2x10* 14x10' 2.7 x10* ND
Average count 6.23 x 10* 59 x 10 0.8x 10! 2.73x 10* ND

*ND: No data.
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Table 3. Antibacterial activity of isolates from an intestinal microorganism of Diodon holoanthus.

Isolated strain

Diameter of inhibition zone (mm)

Similarity (%)

M. luteus

T6 BacilluscirculansATCC4513" 99.86 18

T8 Vibriohyugaensis090810a’ 99.93 22

B21 VibrioponticusCECT5869" 99.79 20

B22 PhotobacteriumleiognathiATCC255217 99.15 19

B23 PhotobacteriumaquimarisLC2-065" 99.69 19
Rhizobium®] sym-plasmidi ofnt= 224 WAH < Sgeit Fof B A7 AE mujstn B AT A
Agrobacterium tumefaciensol] 23t AL t=d Q3 A g 5388 27 gleo] AT F3F 2L & &
B A WS FTUD Yok ol AT HAAR N & Bol SaHE FEok O A F7 efol=k
2 ZAA 249 horizontal 4} Holo] W2 Aolgn & 27| B2 RoE 2FHG. ol YAHE FF Bl ot
o AREHOR B EL ARES YUA FAA Aolo] G WA Zel mret whuWo] G T Bajut 5 ke
FAL ARE AR DB 5 QL AAUZY ¢ At @ AEE 290d] get 7 B4 5P Rt e A

AASHTH8]

ZHEAE, 2 AT+ AFEEAFE B21 (Streptococcus
parauberis sp.)°] AAFHAFLE FE&EL 5 U= M.
luteuswto| A 4t B/4& Hetfth 2123 T8E Vibrio &

Table 4. Bacterial diversity associated with Diodon holoanthus.

ole} Azt

16S rDNA 271489 AE e 74
7 E A ul B2 16S ribosomal RNA PCRE ZZ35}

Phylum Class Order Family Genus
Proteobacteria Gammaproteobateria Alteromonadales Pseudoalteromonadaceae Pseudoalteromonas
Shewanellaceae Shewanella
Pesudomonadales Moraxellaceae Acinetobacter
Moraxella_g2
Psychrobacter
Pseudoalteromonadaceae Pseudomonas
Vibrionales Vibrionaceae Aliivibrio
Enterovibrio
Photobacterium
Vibrio
Alphaproteobacteria Caulobacterales Caulobacteraceae Brevundimonas
Rhizobiales Rhizobiaceae Allorhizobium
Rhodobacterales Rhodobacteraceae Pseudooceanicola
Sphingomonadales Erythrobacteraceae Erythrobacter
Methylobacteriaceae Methylobacterium
Firmicutes Bacilli Bacillales Bacillaceae Terribacillus
Bacillus
Paenibacillaceae Paenibacillus
Staphylococcaceae Salinicoccus
Staphylococcus
Lactobacillales Streptococcaseae Streptococcus
Actinobacteria Actinobacteria Micrococcales Intrasporangiaceae Janibacter

Micrococcaceae

Promicromonosporaceae

Micrococcus
Isoptericola
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Fig. 1. Neighbour-joining phylogenetic tree determined
from the 16S rDNA sequences of bacteria from the Diodon
holoanthus. GenBank accession numbers given in parentheses.
Boostrap values (>50%) based on 1,000 replications are shown.
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11 EZbiocloud2 £3f 32 (Phylum) 47}(Class) 105 (Order)
177} (Family) 24<(Genus) 2.2 & 161 452 SA 5 Th
(Table 4). 12|13 7V 7V7he & = $9Y AesE 24
sFATH(Fig. 1).

Proteobacterialt-& % & 79 4 QoA SH T
G A YIL[15], 7HAE FelA £2T #F F 91%F A
A gt LHEoZ AA| P 1 £ y-proteobacteriaZd-2 88%
2 7}AF A3} th-2 a-proteobacterias 3%, Frimicutes
E 6%, Actinobacteria®s 2% 22 YEMGTH(Fig. 2).

Proteobacteriaf y-proteobacteriaZt-2 96-100%2] A%
AL B 11& 142F 0 2 VibrioZ 35%, Photobacteriumzs
32%, Shewanella< 6%, Psychrobacter 4%, Acinetobacter
£ 3% 9 U XA| Enterovibrio, Moraxella_g2%90| Z+2Z 1%
£ AA Y. ol= 20049 FrfAeF At & LA I
T2 22 AXe o3 @Ho) HIFst= Vibrio
parahaemolyticusE F8 FTOE Fo] 371 A& 233}
Aot I A3 ALNAE V. parahaemolyticus?t HEH
ot g e A B 2 AGoA Hof & o
8 #FY Aol AAFTH2T]. A5 ALt 7HA EFofl A
2o H F8 £2 Vibrio leiognathiZ o|of T3t A= vl
gk Aolo] 271480 ARE WEo] U iy AP}
Bay Aoz AEL. 193 ¢ 1§ ZAE A9
W3 552 wolshit BAT /1% 422 ASE 4 Y
<= Azt BZE ). Phobacterium&-2 52 27]/dol2t &
A QloL}t 7HA B A B&|8t Photobacterum panuliri=
@71 FE g WA4le A¥oa Eugt o] F
Z 96.43%2] A454e UEHLL =2 ddolv AHE oF
ol A B [15]%= Vibrio ponticus TS 96.35%2] A EAS
nof 27b59l 4% Aol Basht B2

a-proteobacteria Actinobacteria

3% 3%

Fig. 2. Pie-diagram showing various genus of bacterial
isolated from Diodon holoanthus.
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Shewanellags Shewanella carassii= S4@714 4F=
ofg] g FEolA 2eHH, Aol A 7138 E LA 2
2 ok 4HA QA [5], Shewanella submarina= 20|
FAM9E Sl HEEHE L 2 Ao REYE FF R
= 97.65-97.94%9] AHEA S Bt 18T o2 2 [26]9]
A B2 ¥+ Enterovibrio norvegicusT 97.35%% A& A3
o] o]FojAof & AOoZ AtrEHT

Proteobacteria® a-proteobacteriaZd< 96-100%2] A5
AL BYT 5& 55802 Brevundimonass:, Allorhizobium
& Pseudooceanicola<s, Erythrobacters 2 Methylobacterium
Zo] 242} 19%2 Lpebitey.

9]l E2 &= Pseudoceanicola lipolyticus=
96.39%= F7HQl AlF Ado] Fast.

Firmicutes® BacilliZ}-& 99-99%2] A A O 2 64 102
© 2 Bacillus® 5%2 7V} =931 YW R| TerribacillusZ,
Paenibacillus%, SalinicoccusZs,
StreptococcusE-2 1%= HAFTH

off AUrAEEZREH £
ProbioticH ¥ F-&RYER Q14 o] AR} H7H26
71% 3tH, WA 7]&S o] &3t cellulosed 7t E3
= old& 2 Y

Actinobacteria® ActinobacteriaZ}d2 99-100%2] A=A
2 B 3% 3F0F Janibacterd:, Micrococcuss LU
Isoptericola®;0] 27} 1%E AR F &2 oFZ|717] of
SolA Helg Bast gl o 2 A4Rot 25 )% 42
2ol £80| F Aolzt AzHH

AT 2d3t= SA 5 AR oty s e A el
= 2 WsE 23 oo #39) dee Aejoint AR
o Agata] @ Axlo] S20 100 olakg Lol B3
I Edjoi7t HARTH13]. AFE GA] AL 20| 7t
= 5 AHAY Mtz s kst Y ofFol 5o Y
dom, I F 7HES 2o ddf XY &2 Eof A4
3t gddiol2 HT AlF At AE FobE 4= 9l

2 AFolAe = 3 I 7P gol He 5 3l
= 7Y A mAEY ¢S Zedstith A A+t
o] #AL 3 etEolF vl B4 st A &7
WSS #E T 4 Y Aotk B AA Alatol et 3
o B2 7 ATE B WEL AAR o] 8T & IS
Aolgt Atz Hrh

Staphylococcus% %

7}53%t Bacillus&2
s 5

20]5

— =
-

O OF
Qa0 =
A stz A% AF=Y g A= Ad 2095

o 2oollA] ofEri 2 WetE ik, o] 3t 7% WMok d
g o7t AAE = Sle @70l =, 2 AlF detelA
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